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Abstract  The friction sliding of intersected faults is the third mechanism of tectonic earthquake. By use of 
biaxial loading system，thermal infrared (TIR) imaging system and acoustic emission (AE) devices， the TIR 
radiation and AE features of three kinds of intersected faults at different intersection angle were experimentally 
studied in the process of bi-sheared friction sliding. It is revealed that (1) the temporal sequential features of the 
AE and TIR radiation in the process of loading are controlled by fault behavior，and they show staged 
characteristics，(2) the features of AE and TIR radiation are tightly related to the geometrical structure of the 
intersected faults，and the abnormal TIR spots usually occur along the chief fault in condition that the principal 
stress is 45°in angle to the direction of the chief fault，and (3) the features of AE and TIR radiation from 
vertically intersected and slanting intersected faults are different，and the higher the intersection angle is，the 
• 402 •                                      岩石力学与工程学报                                       2004年 
stronger the TIR radiation is at the location of intersection point.  
Keywords  remote sensing-rock mechanics，tectonic earthquake，earthquake remote sense，thermal infrared 
abnormity，acoustic emission，intersected faults 
 
 









































2  实验设计 
 
实验加载装置为 INSTRON 8506真三轴四立柱
液压伺服系统，轴向最大载荷 3 000 kN，水平最大





使用 2个通道，传感器的中心频率均为 140 kHz。 
实验模型为 3种不同交角的断层组合，交角分
别为 90°，75°和 60°，其加载的物理模型及声发射















(   Ch1，Ch2声发射探头及通道，深、浅色分别代表布置在试样的正、背面) 
图 1  不同角度的交汇型组合断层模型 
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表 1  标本结构、实验条件一览表 
Table 1  The structure and experimental condition of samples 
断层类型 试件特征 实验条件 实验组数 
垂直交汇型断层组合 花岗岩，尺寸 30×30×10 cm3，摩擦面未经研磨 侧压 200 kN，加载速率 0.02 mm/s 3 
75°角交汇型断层组合 同上 侧压 150 kN，加载速率 0.02 mm/s 1 









































(a) 交汇角为 90°、编号为 z5-2的试件 
 
 
(b) 交汇角为 75°、编号为 z5-4的试件 
 
 
(c) 交汇角为 60°、编号为 z5-7的试件 
图 2  交汇组合断层加载过程中的载荷-时间曲线 
Fig.2  The load-time curves of intersected fault samples at  
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(1) 同一试件，2个通道的声发射除因探头安放
位置的不同造成局部稍有不同外，在时间序列的发




低至平静这 3个发展阶段。但第 1通道在 130 s左
右达到峰值，而第 2通道在 100 s左右达到峰值。
此外，个别试样在加载开始时就出现较多的声发射









图 3  Z5-2试样的 2个通道声发射时间序列特征 



































图 4  Z5-4和 Z5-7一个通道的声发射时间序列曲线 
Fig.4  The AE events-time curves of sample Z5-4 and sample  
Z5-7 
试样的一个通道的声发射事件序列图。结合图 3看
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出，当断层的交汇角度为垂直时，2 个应力发展阶
段的分界处的声发射在整个声发射序列中最强；当







































































和 Z5-7两个试件的侧压相差值与 Z5-2和 Z5-4试样

















































































图 5 组合断层试样加载过程中的红外热像 
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